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Decision letter (RSOS-182076.R0)
28-Mar-2019
Dear Dr Bush,
The editors assigned to your paper ("INFLUENCES OF SODIUM AND GLYCOSAMINOGLYCANS ON SKIN EDEMA AND THE POTENTIAL FOR ULCERATION: A FINITE ELEMENT APPROACH") have now received comments from reviewers. We would like you to revise your paper in accordance with the referee and Associate Editor suggestions which can be found below (not including confidential reports to the Editor). Please note this decision does not guarantee eventual acceptance.
Please submit a copy of your revised paper before 20-Apr-2019. Please note that the revision deadline will expire at 00.00am on this date. If we do not hear from you within this time then it will be assumed that the paper has been withdrawn. In exceptional circumstances, extensions may be possible if agreed with the Editorial Office in advance. We do not allow multiple rounds of revision so we urge you to make every effort to fully address all of the comments at this stage. If deemed necessary by the Editors, your manuscript will be sent back to one or more of the original reviewers for assessment. If the original reviewers are not available, we may invite new reviewers.
To revise your manuscript, log into http://mc.manuscriptcentral.com/rsos and enter your Author Centre, where you will find your manuscript title listed under "Manuscripts with Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been appended to denote a revision. Revise your manuscript and upload a new version through your Author Centre.
When submitting your revised manuscript, you must respond to the comments made by the referees and upload a file "Response to Referees" in "Section 6 -File Upload". Please use this to document how you have responded to the comments, and the adjustments you have made. In order to expedite the processing of the revised manuscript, please be as specific as possible in your response.
In addition to addressing all of the reviewers' and editor's comments please also ensure that your revised manuscript contains the following sections as appropriate before the reference list:
• Ethics statement (if applicable) If your study uses humans or animals please include details of the ethical approval received, including the name of the committee that granted approval. For human studies please also detail whether informed consent was obtained. For field studies on animals please include details of all permissions, licences and/or approvals granted to carry out the fieldwork.
• Data accessibility It is a condition of publication that all supporting data are made available either as supplementary information or preferably in a suitable permanent repository. The data accessibility section should state where the article's supporting data can be accessed. This section should also include details, where possible of where to access other relevant research materials such as statistical tools, protocols, software etc can be accessed. If the data have been deposited in an external repository this section should list the database, accession number and link to the DOI for all data from the article that have been made publicly available. Data sets that have been deposited in an external repository and have a DOI should also be appropriately cited in the manuscript and included in the reference list.
If you wish to submit your supporting data or code to Dryad (http://datadryad.org/), or modify your current submission to dryad, please use the following link: http://datadryad.org/submit?journalID=RSOS&manu=RSOS-182076
• Competing interests Please declare any financial or non-financial competing interests, or state that you have no competing interests.
• Authors' contributions All submissions, other than those with a single author, must include an Authors' Contributions section which individually lists the specific contribution of each author. The list of Authors should meet all of the following criteria; 1) substantial contributions to conception and design, or acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it critically for important intellectual content; and 3) final approval of the version to be published.
All contributors who do not meet all of these criteria should be included in the acknowledgements.
We suggest the following format: AB carried out the molecular lab work, participated in data analysis, carried out sequence alignments, participated in the design of the study and drafted the manuscript; CD carried out the statistical analyses; EF collected field data; GH conceived of the study, designed the study, coordinated the study and helped draft the manuscript. All authors gave final approval for publication.
• Acknowledgements Please acknowledge anyone who contributed to the study but did not meet the authorship criteria.
• Funding statement Please list the source of funding for each author.
Once again, thank you for submitting your manuscript to Royal Society Open Science and I look forward to receiving your revision. If you have any questions at all, please do not hesitate to get in touch. Specifically (P = page, l = line): P2-l41: Why is there a two-orders-of-magnitude range in the reported ultimate tensile stress of skin? P6-Fig1: Why does it say "More Swelling"? There is no swelling earlier in the flow chart. P6-l27: "a computational model for the skin is required" This is not true. This is the approach that the authors selected, but it's not the only possibility. P7-l18: Why use a three-layer model? There are 2-5 layer models available in the literature. How does the choice of model affect the results and conclusions? P7-l25: How is the geometry of the inclusion determined and justified? Could this be determined by imaging approaches? P7-l37-40: "Boundary conditions were applied to all surfaces except the top surface. Zero displacement was used as the constraint for all surfaces (except the top)." Are these surfaces fixed in all dofs? If so, this is likely far, far too stiff. These should only be fixed normal to the plane. P8-Fig3: This is mislabeled as Figure 1 . Was a mesh sensitivity analysis performed? P12-l3-8: What is the justification for this approach? Why not use a design of experiments approach based on the physiological ranges, or something similar? P12-l16-21: How is this paper relevant to the current work? P12-l32-39: Are these values reasonable? P13-Eq6: This is a biphasic implementation in FEBio. What are the models and elements used? P14-l6: Maximum tensile/compressive stress is usually referred to as the first/third principal stress. P14-l21: Why characterize the results using the Von Mises stress? What is the physiological meaning of this stress measure when comparing the results to the ultimate tensile stress? P15-l43: The results at the selected ROIs seems likely to derive from dependence of the mesh and may not be real. P17-Fig7: The selection of sigma_xx, sigma_yy, and sigma_zz is not meaningful, these measures are arbitrary as the depend on the choice of coordinate system. P23-l8: "which was at the lower end of the reported UTS range is likely to be more representative of these patients in comparison to the higher values reported" What is the justification for this statement? P25-Fig12: Don't repeat the original figure. Isn't most of (b) inferable by intuition?
Reviewer: 3
Comments to the Author(s) This manuscript addresses the role of GAGs and sodium content on skin edema and increased tissue stresses as a potential mechanism for tissue damage and ulceration. This is a well-designed basic science study and it is easy to read. The findings are interesting but perhaps not unexpected, considering the observations from previous studies on other biological tissues. I believe the paper still does add to the limited body of data regarding edema and potential mechanisms of skin ulceration. Below are some specific comments. Page 5, line 30: "GAGS" should be "GAGs".
Page 7: Please specify the width of the layers and report the number of elements in the models. Did you use any constraints to connect the top layer to the underlying layer? Did you run a mesh sensitivity analysis to ensure that the mesh density was adequate for the simulations? Page 25: The updated schematic for the physiological pathway for venous ulcer formation shows an increase in permeability due to tissue swelling. Please elaborate on the schematic and support the claims with some experimental evidence from your work and previous studies.
Page 26: The physiological osmolarity for normal skin was reported to be ~280 mOsm/L. Would you expect to observe tissue shrinking or swelling if tissue sections were immersed in a hypotonic solution (i.e., 50 and 100 mOsm/L solutions)? Please elaborate on the initial configuration and its effect on the results presented in this study. 
Recommendation? Accept as is
Comments to the Author(s) It appears that you have addressed reviewers comments/questions. A final manuscript review is necessary to make sure word tense is consistent, ie, at times I notice a flip from past to present which is incorrect; also, verify that ALL references to figures match with text, eg, page 16, I think you should be referring to figure 6, not 5. 
Comments to the Author(s)
The authors have satisfactorily responded to all my questions and made the necessary changes to the manuscript. I advise the authors to proofread the manuscript before publication. This paper still has some grammar issues, which need to be addressed.
For example, on page 28 -line 23, it should be "only the role of GAGs and sodium was studied...". On behalf of the Editors, I am pleased to inform you that your Manuscript RSOS-182076.R1 entitled "INFLUENCES OF SODIUM AND GLYCOSAMINOGLYCANS ON SKIN EDEMA AND THE POTENTIAL FOR ULCERATION: A FINITE ELEMENT APPROACH" has been accepted for publication in Royal Society Open Science subject to minor revision in accordance with the referee suggestions. Please find the referees' comments at the end of this email.
The reviewers and Subject Editor have recommended publication, but also suggest some minor revisions to your manuscript. Therefore, I invite you to respond to the comments and revise your manuscript.
• Ethics statement If your study uses humans or animals please include details of the ethical approval received, including the name of the committee that granted approval. For human studies please also detail whether informed consent was obtained. For field studies on animals please include details of all permissions, licences and/or approvals granted to carry out the fieldwork.
• Data accessibility It is a condition of publication that all supporting data are made available either as supplementary information or preferably in a suitable permanent repository. The data accessibility section should state where the article's supporting data can be accessed. This section should also include details, where possible of where to access other relevant research materials such as statistical tools, protocols, software etc can be accessed. If the data has been deposited in an external repository this section should list the database, accession number and link to the DOI for all data from the article that has been made publicly available. Data sets that have been deposited in an external repository and have a DOI should also be appropriately cited in the manuscript and included in the reference list.
If you wish to submit your supporting data or code to Dryad (http://datadryad.org/), or modify your current submission to dryad, please use the following link: http://datadryad.org/submit?journalID=RSOS&manu=RSOS-182076.R1
Please note that we cannot publish your manuscript without these end statements included. We have included a screenshot example of the end statements for reference. If you feel that a given heading is not relevant to your paper, please nevertheless include the heading and explicitly state that it is not relevant to your work.
Because the schedule for publication is very tight, it is a condition of publication that you submit the revised version of your manuscript before 01-Jun-2019. Please note that the revision deadline will expire at 00.00am on this date. If you do not think you will be able to meet this date please let me know immediately.
To revise your manuscript, log into https://mc.manuscriptcentral.com/rsos and enter your Author Centre, where you will find your manuscript title listed under "Manuscripts with Decisions". Under "Actions," click on "Create a Revision." You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript and upload a new version through your Author Centre.
When submitting your revised manuscript, you will be able to respond to the comments made by the referees and upload a file "Response to Referees" in "Section 6 -File Upload". You can use this to document any changes you make to the original manuscript. In order to expedite the processing of the revised manuscript, please be as specific as possible in your response to the referees.
When uploading your revised files please make sure that you have: 1) A text file of the manuscript (tex, txt, rtf, docx or doc), references, tables (including captions) and figure captions. Do not upload a PDF as your "Main Document". 2) A separate electronic file of each figure (EPS or print-quality PDF preferred (either format should be produced directly from original creation package), or original software format) 3) Included a 100 word media summary of your paper when requested at submission. Please ensure you have entered correct contact details (email, institution and telephone) in your user account 4) Included the raw data to support the claims made in your paper. You can either include your data as electronic supplementary material or upload to a repository and include the relevant doi within your manuscript 5) All supplementary materials accompanying an accepted article will be treated as in their final form. Note that the Royal Society will neither edit nor typeset supplementary material and it will be hosted as provided. Please ensure that the supplementary material includes the paper details where possible (authors, article title, journal name).
Supplementary files will be published alongside the paper on the journal website and posted on the online figshare repository (https://figshare.com). The heading and legend provided for each supplementary file during the submission process will be used to create the figshare page, so please ensure these are accurate and informative so that your files can be found in searches. Files on figshare will be made available approximately one week before the accompanying article so that the supplementary material can be attributed a unique DOI.
Once again, thank you for submitting your manuscript to Royal Society Open Science and I look forward to receiving your revision. If you have any questions at all, please do not hesitate to get in touch. Comments to the Author(s) The authors have satisfactorily responded to all my questions and made the necessary changes to the manuscript. I advise the authors to proofread the manuscript before publication. This paper still has some grammar issues, which need to be addressed.
For example, on page 28 -line 23, it should be "only the role of GAGs and sodium was studied...".
Reviewer: 1
Comments to the Author(s) It appears that you have addressed reviewers comments/questions. A final manuscript review is necessary to make sure word tense is consistent, ie, at times I notice a flip from past to present which is incorrect; also, verify that ALL references to figures match with text, eg, page 16, I think you should be referring to figure 6, not 5.
Decision letter (RSOS-182076.R2)
03-Jun-2019
Dear Dr Bush, I am pleased to inform you that your manuscript entitled "INFLUENCES OF SODIUM AND GLYCOSAMINOGLYCANS ON SKIN EDEMA AND THE POTENTIAL FOR ULCERATION: A FINITE ELEMENT APPROACH" is now accepted for publication in Royal Society Open Science.
You can expect to receive a proof of your article in the near future. Please contact the editorial office (openscience_proofs@royalsociety.org and openscience@royalsociety.org) to let us know if you are likely to be away from e-mail contact. Due to rapid publication and an extremely tight schedule, if comments are not received, your paper may experience a delay in publication.
Author's Response to Decision Letter for (RSOS-182076.R1)
See Appendix C.
Comments on Pan et al., Influences of sodium and glycosaminoglycans on skin edema and the potential for ulceration: a finite element approach
The hypothesis and associated physiological mechanisms are well-described. Separating out the physiological impact of GAGs and osmolarity is interesting. However, the problem statement is unclear and requires clarification and reorganization in section 2.
The major flaw is that the theoretical formulation is not included. The manuscript should explicitly lay out the (1) governing equations and (2) mathematical description of the boundary conditions. It's very difficult to understand the foundation of the numerical simulation without it, particularly since some of the terminology is confusing (discussed below). All of the theory should be laid out before diving into material parameters and design of the parametric study. The discussion in section 2.4 provides a useful differentiation between the physiological effects caused by Na and GAGs; however it would be better placed within the theoretical formulation, either at the end of section 2.1 or as a stand-alone section before the current section 2.2.
The computational domain is well-described by (Fig 1(a) and (b) and Fig 4) ). However, matching them to the physiological analogs which are being modeled is not so obvious from Figs 3 and 4 and the text. This is exacerbated by the fact that some of the terminology is confusing. The term "GAGs inclusion" is not terribly helpful since GAGs are molecules and have a characteristic distribution throughout the domain. Perhaps using "GAGs-induced inclusion" or simply "inclusion" would be an option that better describes the spatial nature of what you are describing.
The authors distinguish between the "external bath" and "interstitial fluid", but it's unclear where these fluid domains exist. Fig 4 attempts to define the external bath in relation to the computational domain, but, at least for me, it muddies the waters further. The external bath looks like a 2-dimensional plane behind the 3D skin block as though it exists at the back face of the block in contact with all 3 layers of skin and extends beyond the domain of the epidermis. I don't think that this is the intent. A better visual and written description that describes where these fluid domains reside in relation to the skin block is needed, as well as how the fluid in the skin block, the external bath, and the interstitial space can interact. The text describes how water from the external bath can be drawn "across the membrane" into the interstitial space around p5, line 35, but it doesn't describe what the membrane is. Also, the spatial link between the skin block and the veins is needed since the veins are the ultimate source of the excess fluid in the skin block. A description of the theoretical formulation might have helped to infer the relationships, but I think that you are going to lose your readers unless this is explicitly laid out.
In Fig 5, do these images represent a steady-state solution or are they snapshots at a particular time?
The discussion of results on p 23 is quite good and provides some quantitative estimates of threshold values of their parameters that are associated with pathological changes.
A discussion of grid resolution should be included to confirm that the numerical domain is sufficiently resolved and is essential for establishing credibility. This can be either a brief discussion in the manuscript or a more rigorous description in supplemental material. Grid resolution is particularly important when a new model does not include any validation against experiment and/or other numerical simulations. This may be because there is currently nothing in the literature against which to validate. In the limitations section, the authors describe the need for experimental data to bound a couple of their parameters. Are there other data that would help to validate your model?
The authors chose to use a volume fraction within the range reported in the literature. Do the authors think that the solution is sensitive to volume fraction?
Minor issues: P2 li 41. Sentence beginning "Thus suggesting" makes this a sentence fragment. Suggest using "This suggests"
P4 last sentence before section 1.1: the verbs have mixed tense.
In section 1.1, 1 st paragraph, the description of wound angiogenesis appears the second time that the term is used. It would be better to include "(formation of new blood vessels)" the first time that the term is used.
In Figs 8 and 11, it's hard to see the edges of the boxes with dotted fill. Suggest that you use a solid color or include a bounding box around the dotted region. In the legend, should GAGs be "GAGs inclusion" for consistency? Also, there is a typo in "Surrounding tissue".
In Fig 9 title , there is an extra "the" before "defined".
P11 li 46, typo: largest magnitude of swelling
Reviewer: 1-----------------------------------------
Comments to the Author(s) I commend you on your work. I do not have any comments or questions.
Thank you for taking the time to read our manuscript and the positive feedback. : 2 --------------------------------------- Figure 2) P6-l27: "a computational model for the skin is required" This is not true. This is the approach that the authors selected, but it's not the only possibility.
Reviewer
Thank you for this comment, this sentence has been rewritten and is also copied here: "In order to validate this pathway and characterize the detailed mechanical changes in the skin tissue, a computational model for the skin was developed."
P7-l18: Why use a three-layer model? There are 2-5 layer models available in the literature. How does the choice of model affect the results and conclusions?
The three layers in the model represent the three layers of the skin: epidermis, dermis, and hypodermis. Models with other layers include more layers in the Epidermis (Stratum Corneum) or referring the base layer beneath dermis as subcutaneous fat. The models that use the stratum corneum as an individual layer usually combine the rest of the epidermis with the dermis layer as the epidermis layer itself is extremely thin. The subcutaneous fat is a synonym for hypodermis. Therefore, we believe the three-layer model best represents skin anatomy and material properties. Additionally, all three layers of the skin were bonded together without frictional force between the layers, thus the skin block behaved as a whole and the differences between each layer consisted of the thickness and the material properties (Young's modulus and Poisson's ratio).
P7-l25: How is the geometry of the inclusion determined and justified? Could this be determined by imaging approaches? 
We do not have any experimental information that would lead us in one direction
We have clarified the manuscript as follows (page 9):
Boundary conditions were applied to represent the fact that the model is symmetric with respect to the YZ-plane, see Figure 7 , and is isolated from a larger skin plane. Namely, we constrained the normal displacement on the plane of symmetry, and normal and shear displacements on the planes in contact with surrounding skin. Because we are interested in upward / outward swelling, the top surface, representing the side of the epidermis in contact with air, was allowed free swelling, while the bottom surface, representing the side of the hypodermis on contact with surrounding tissue, was constrained in every direction.
P8-Fig3
: This is mislabeled as Figure 1 . Was a mesh sensitivity analysis performed?
We apologize for the mislabeling of Figure 3, that has been corrected. The authors did perform a mesh sensitivity analysis. The element numbers was increased from 28896 to 37296 (a 29% increase) to generate a more refined mesh, and the results (displacement and stress) did not show any difference within the 4 decimals output by FEBio. This information has been added to the manuscript (page 9).
P12-l3-8: What is the justification for this approach? Why not use a design of experiments approach based on the physiological ranges, or something similar?
Unfortunately, there are no reported lower or upper limit values for the FCD or osmolarity in the inflamed skin for the patient population likely to develop venous ulcers (i.e., individuals with vascular disease). This work is specifically focused on this population and was used to obtain insights of what physiological events happen from the initial blood pooling to skin edema and finally ulceration. This work was innovative in its aim to quantify how GAGs increased presence and possible pooling could lead to skin tissue breakdown associated with blood pooling and swelling as observed in the venous ulcer population.
P12-l16-21: How is this paper relevant to the current work? 
P12-l32-39: Are these values reasonable?
The FCD values for normal skin are reported in the literature (Wiig et al., 2000; Wiig et al., 2012 ) we used this as the starting point and then expanded the range. Additionally, one author used an FCD of 150 in her previously published work (Roccabianca et al., 2014; Roccabianca et al., 2014 (Figures 8 and 11 ).
P15-l43:
The results at the selected ROIs seems likely to derive from dependence of the mesh and may not be real. P23-l8: "which was at the lower end of the reported UTS range is likely to be more representative of these patients in comparison to the higher values reported" What is the justification for this statement?
The lower UTS ranges were derived from samples that came from 5~9 month porcine skin (Gallagher et al., 2012) ; porcine has been shown to be the closest to human skin material properties and have long been used as an alternative for excised human skin tissue (Groves at al., 2013; Ankersen et al., 1999) . In consideration of the formation of venous ulcers, patients who develop these ulcers have compromised vascular systems and are experiencing inflammation and edema in their lower leg, causing decreased skin extensibility (Pierard et al., 2014) . With edema, the skin is weakened and unable to sustain pressure and stress (Bansal et al., 2005) The references for this statement are:
[1] Gallagher AJ, Ni Anniadh A, Kruyere K, Ottenio M, Xie H, Gilchrist MD. Dynamic tensile properties of human skin. 2012 IRCOBI Conf 2012 .
[2] Groves, Rachel B., et al. "An anisotropic, hyperelastic Int J Dermatol 2005; 44:805-10. doi:10.1111 /j.1365 -4632.2005 [5] Pierard GE, Paquet P, Piérard-Franchimont C. Skin viscoelasticity in incipient gravitational syndrome. Journal of cosmetic dermatology. 2014; 13(1) :52-5.
P25-Fig12
: Don't repeat the original figure. Isn't most of (b) inferable by intuition?
Thank you for the comment the original figure has been removed.
Reviewer: 3 -------------------
This manuscript addresses the role of GAGs and sodium content on skin edema and increased tissue stresses as a potential mechanism for tissue damage and ulceration. This is a well-designed basic science study and it is easy to read. The findings are interesting but perhaps not unexpected, considering the observations from previous studies on other biological tissues. I believe the paper still does add to the limited body of data regarding edema and potential mechanisms of skin ulceration. Below are some specific comments. (Odland et al. 2004; Hargens et al. 1989; Wiese 1993 ) and ulcer formation (Hargens et al. 1989; McGee et al. 2009 ).
Page 5, line 18: Did these studies report how much sodium content increased in the inflamed tissue? If so, please include the reported values in parentheses. For example, a previous study reported a 3% increase in sodium content of the skin in women with lipedema (Crescenzi, 2018) . Page 5, line 30: "GAGS" should be "GAGs".
Thank you, this has been corrected.
Page 7: Please specify the width of the layers and report the number of elements in the models. Did you use any constraints to connect the top layer to the underlying layer? Did you run a mesh sensitivity analysis to ensure that the mesh density was adequate for the simulations? (Figure 1 ).
Reviewer: 4 -------------------------------
The hypothesis and associated physiological mechanisms are well-described. Separating out the physiological impact of GAGs and osmolarity is interesting.
However, the problem statement is unclear and requires clarification and reorganization in section 2.The major flaw is that the theoretical formulation is not included. The manuscript should explicitly lay out the (1) governing equations and (2) mathematical description of the boundary conditions. It's very difficult to understand the foundation of the numerical simulation without it, particularly since some of the terminology is confusing (discussed below). All of the theory should be laid out before diving into material parameters and design of the parametric study. The discussion in section 2.4 provides a useful differentiation between the physiological effects caused by Na and GAGs; however it would be better placed within the theoretical formulation, either at the end of section 2.1 or as a stand-alone section before the current section 2.2. The computational domain is well-described by Fig 3 (mistakenly labeled Fig 1 - also the color scheme in Fig 1(c) and (d) should match the other images of the domain (Fig 1(a)  and (b) and Fig 4) ). However, matching them to the physiological analogs which are being modeled is not so obvious from Figs 3 and 4 and the text. 
